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Code Criteria Used for Analysis
• NFPA 13, Standard for Installation of Sprinkler Systems, 2016 Edition.
• NFPA 25, Standard for the Inspection, Testing, and Maintenance of Water-
Based Fire Protection Systems, 2017 edition.
• NFPA 72, National Fire Alarm and Signaling Code, 2016 Edition
• NFPA 101, Life Safety Code, 2018 Edition
• NFPA 102, Standard for Grandstands, Folding and Telescopic Seating, Tents, 
and Membrane Structures
• NFPA 291, Recommended Practice for Fire Flow Testing and Marking of 
Hydrants (2019)
• International Building Code, 2018
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Building Overview
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• Mixed Occupancy
• Main Occupancy Assembly
• Auxiliary Business 
• Auxiliary storage  
• 105,477 sqft
• 70 feet tall
• Two Stories
• Construction Type IIA
• Automatic wet pipe sprinkler system
• Equipped with Fire Emergency Voice/Alarm Communication System 
(EVACS)
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Building Overview
Building Overview-First Floor
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First Floor
Ice Skating Rink Bowling Alley
Racquetball Courts
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Building Overview-Second Floor
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Arena Floor
Surrounding Corridor
Second Floor Main Entrance 






Exit Stairs (typical of 4)
Second Floor
Building Overview-Second Floor
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Second Floor
Building Overview-Second Floor








Exit Stairs (typical of 4)
Second Floor
Stairs up to mezzanine 
from arena floor. 
(typical of 4)
Building Overview-Second Floor
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Second Floor
Building Overview













Prescriptive-based Analysis – Structural 
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• Construction Type IIA (Non-Combustible/1-hour fire resistance)
• Mixed occupancy Non-separated (A-2, A-3, A-4, B, & S)
• Major Building Components
• Columns: 
 precast reinforced concrete 
 (mezzanine support by 5”x5”x3/16” tubular steel columns)
• Beams, Girders, & Joists:
 reinforced concrete beams and girders for main structure
 Perimeter roof utilizes steel joists
 Steel trusses over arena
• Floor assemblies:
• 3 inch LW concrete on double T beams for main arena floor
• 3 inch LW concrete on 8 inch HC floor for perimeter and mezzanine
Prescriptive-based Analysis – Structural 
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• Major Building Components (continued)
• Roof Assemblies: 
 Perimeter roof: metal roofing panels, 5/8” gypsum panel, rigid insulation.
 Arena roof: modified bitumen, tapered rigid insulation, and metal deck 
• Exterior walls: CMU brick veneer, reinforced concrete, 6” gypsum with brick veneer
Prescriptive-based Analysis – Structural 
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Fire Resistance of Structural Components 
Prescriptive-based Analysis – Structural 
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Fire Resistance of Structural Components 
IBC Table 601 note b.
Except in Group F-1, H, M and S-1 occupancies, fire protection of 
structural members in roof construction shall not be required, including 
protection of primary structural frame members, roof framing and decking 
where every part of the roof construction is 20 feet or more above any 
floor immediately below. Fire-retardant-treated wood members shall be 
allowed to be used for such unprotected members.
Prescriptive-based Analysis – Structural 
• Allowable area per IBC Chapter 5
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Prescriptive-based Analysis – Structural 
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First Floor
2-hour fire resistance rated wall
1-hour fire resistance rated wall
• All doors in 1-hour walls are 
rated for 45 minutes
• All doors in 2-hour walls are 
rated for 1-1/2 hours. 
Prescriptive-based Analysis – Structural 
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Second Floor
2-hour fire resistance rated wall
1-hour fire resistance rated wall
• All doors in 1-hour walls are 
rated for 45 minutes
• All doors in 2-hour walls are 
rated for 1-1/2 hours. 
Prescriptive-based Analysis – Structural 
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Second Floor-Mezzanine
2-hour fire resistance rated wall
1-hour fire resistance rated wall
• All doors in 1-hour walls are 
rated for 45 minutes
• All doors in 2-hour walls are 
rated for 1-1/2 hours. 
Prescriptive-based Analysis – Structural 
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Building Section
2-hour fire resistance rating
1-hour fire resistance rating
Prescriptive-based Analysis – Structural 
• Overall Allowable area per IBC Chapter 5 is compliant 
• Seating/track mezzanine Allowable Area per 505.2.1
• Allowable = 12,225 square feet
• Provided = 11,741 square feet
• Equipment Platform Allowable Area per IBC 505.3.1
• Allowable = 16,302 square feet
• Provided = 13,877 square feet
• Allowable height per IBC Chapter 5
• Allowable = 85 feet
• Provided = 70 feet
• Number of Stories IBC Chapter 5
• Allowable = 3 stories
• Provided = 2 stories
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Prescriptive-based Analysis – Smoke Control
• Design per NFPA 90A
• All air handling units have duct smoke 
detectors in supply duct due to airflow greater 
than 2,000 CFM
• Air handling unit  1 has an additional duct 
smoke detector in the return duct due to 
return airflow greater than 15,000 CFM.
• Activation of detector shuts down associated 
AHU and sends signal to FA system
• Note, IMC requires duct detectors to be 
placed in the air return not the supply.
• No other active smoke control system
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Prescriptive Analysis – Suppression 
• Three Automatic wet-pipe sprinkler systems
• Hazard Classification based on original design 
drawings
 Majority light hazard (offices, classrooms, 
activity areas
 Ordinary (electrical, mechanical, storage, 
and janitor rooms)
 Original design classifies Arena/Mezzanine 
area as light hazard.
• Bleacher chairs are High density polyethylene 
(HDPE) Per NFPA 13, these bleachers would be 
considered as an exposed non-expanded group A 
plastic commodity
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Prescriptive Analysis – Suppression 





Arena and Mezzanine Seating
Sprinklers omitted over ice rink and 
racquetball courts.  Need to add detection 
and procedures to limit contents to wholly 
noncombustible to meet IBC exemption 
Prescriptive Analysis – Suppression 
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First Floor Second Floor
Perimeter Area
Second Floor
Arena and Mezzanine Seating
Riser 2&3
Riser 1
Prescriptive Analysis – Suppression 






Water tower approx. ¼ mile north
8” service main
12” city water main
Prescriptive Analysis – Suppression 
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• Sprinklers arena/mezzanine area
 Upright type
 K-factor of 8
 286oF Temperature rating (high temp. rating)
 Quick response
• Sprinklers other areas (assumed for hydraulic calcs)
 Pendent  type
 K-factor of 5.6
 155oF Temperature rating (ordinary  temp. rating)
 Quick response 
• Schedule 10 steel pipe
Prescriptive Analysis – Suppression 
Resulting sprinkler criteria based on the density/area 
method from NFPA 13
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Prescriptive Analysis – Suppression 
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Second Floor
Arena and Mezzanine Seating
Sprinkler System 3-Remote Design Area
(Second floor above mezzanine)
Prescriptive Analysis – Suppression 
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Note: no water supply data 
was able to be obtained for 
this report. It is likely that the 
water supply is sufficient 
since the water tower is near 
the facility.  
Prescriptive Analysis – Fire Alarm
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First Floor
Prescriptive Analysis – Fire Alarm
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Second Floor
Prescriptive Analysis – Fire Alarm
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Second Floor-Mezzanine/Above Arena
Prescriptive Analysis – Fire Alarm
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Fire Alarm Riser Diagram
Prescriptive Analysis – Fire Alarm
Existing Main panel has 32.88 AH capacity
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Prescriptive Analysis – Fire Alarm
Audible Notification Appliances 
• Types:
 wall mount speakers and speaker/strobe
 ceiling speakers
• Sound levels must be at least 15 dB above the average 
ambient sound or 5 dB above the maximum level sound 
level. Maximum alarm device sound level 110dBA.
• Average Ambient and maximum Sound Levels
 Business occupancies 54dBA
 Places of Assembly 60dBA
 Arena Estimated max Sound Level 120dBA
• Required audible NA sound level must be 75dBA or 
higher for places of assembly, 110 dBA in the Arena, and 
69 dBA or higher for business occupancies.
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NFPA 72 Table A.18.4.4
Prescriptive Analysis – Fire Alarm
Arena/mezzanine area acoustically 
challenging space
 large open space
 hard surfaces
 plane in which occupants are 
located varies due to the bleachers 
and mezzanine
 Polar loss 
 computer model would be needed to 
provide a better understanding of the 
space and may prove that the alarm 
sound levels in these areas are 
compliant.
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Second Floor-Arena
Prescriptive Analysis – Fire Alarm
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Building Section
Prescriptive Analysis – Fire Alarm
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First Floor
Possible areas that do not meet 75dBA 
requirement
• obstructed by columns 
• Polar loss 
• computer model would be needed to provide 
a better understanding of the space and may 
prove that the alarm sound levels in these 
areas are compliant.
Prescriptive Analysis – Fire Alarm
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Visible Notification Appliances 
• Types:
 wall mount speaker-speaker/strobe
• No visual notification is provided in several areas that 
require visual notification.  These areas include perimeter 
offices, restrooms, lockers rooms, and the arena. The 
visible notification requirements can be found in NFPA 72 
18.5.
• Two dead spots that may not meet the visual notification 
requirements due to the appliances being located on a 
column as mentioned for the fire alarm.
• Visible appliances on mezzanine around arena are not 
adequate.
Prescriptive Analysis – Egress 
Resulting occupant load per Area
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Occupant load factors used 
from IBC Table 1004.5
Prescriptive Analysis – Egress 
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Prescriptive Analysis – Egress 
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First Floor
Prescriptive Analysis – Egress 
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First Floor
NOTE: Exit 1-5 and 1-6 both discharge 
into a tunnel that reduces in width. The 
total capacity from Exit 1-5 and 1-6 is 
1706 people. The width of the reduced 




= 1920 > 1706 people
Prescriptive Analysis – Egress 
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Second Floor
Prescriptive Analysis – Egress 
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Second Floor-Mezzanine Area
Prescriptive Analysis – Egress 
Section 1005 of the IBC was used to calculate the capacity for the 
egress components. 
 0.2 inches/person for stairways 
 0.15 inches/person for other components
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Prescriptive Analysis – Egress 
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Prescriptive Analysis – Egress 
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Prescriptive Analysis – Interior Finishes
• All of the interior finishes in the building are required to comply with IBC 
chapter 8. Chapter 8 requires finishes to be tested in accordance with 
ASTM E84 or UL 723. Per IBC the groups are as follows:
 Class A = Flame spread index 0-25; smoke-developed index 0-450.
 Class B = Flame spread index 26-75; smoke-developed index 0-450.
 Class C = Flame spread index 76-200; smoke-developed index 0-450.
• The interior finish requirements for exits, corridors, and other spaces were 
determined using IBC Table 803.13. Based on a sprinklered facility with a 
main assembly occupancy.
 Interior wall and Ceiling requirements for Exits: Class B
 Interior wall and Ceiling requirements for corridors: Class B
 Interior wall and Ceiling requirements for spaces: 
o Class B (for assembly), 
o Class C (for business)
o Class C (for storage).
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Performance-based Analysis – Overview
• Goals (NFPA 101 Chap. 4):
1. Protection of occupants not intimate with the initial fire development
2. Improvement of the survivability of occupants intimate with the initial 
fire development
• Performance-based Option Criterion: Any occupant who is not intimate 
with ignition shall not be exposed to instantaneous or cumulative 
untenable conditions.
• To meet the goals of the performance based design, the occupants must 
exit before the conditions in the building become untenable.  The available 
safe egress time (ASET) must be greater than the required egress time 
(RSET). 
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Performance-based Analysis – RSET
Figure 64.2 from SFPE Handbook of Fire Protection Engineering, 5th ed. (M. J. 
Hurley et al., eds.), Springer, (2015).





Performance-based Analysis – RSET
Time to Detection (135 seconds): 
• Detection can be by a device or person. Based on the FDS model, the sprinklers 
would activate at approximately 135 seconds.  It is also assumed that an 
occupant would detect the fire within 2 minutes.  To be conservative, the 135 
seconds to detection will be used.
Time to Warning (60 seconds): 
• Time to warning is the time from when the fire is detected to when occupants 
are notified.  It is assumed it would take another 60 seconds for the sprinkler 
flow switch to register flow.  Also, it is assumed that it would take 30 seconds 
for an occupant to pull the alarm after detecting a fire.  The 60 seconds will be 
used to be conservative. 
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Performance-based Analysis – RSET
Assumed Occupant Characteristics that will 
influence Pre-Movement and Movement times
• Normally the majority of occupants will be young adults (typically between 17-25)
• During special events, the average occupant age will increase or decrease for summer 
camps.
• The building is designed with ramps and elevators for occupants with disabilities to egress 
but the majority of occupants will not have disabilities that will impede egress
• Under normal conditions the  of occupants are familiar with the building (college setting) 
but during special events (games, ceremonies, summer camps etc.) occupants will be 
unfamiliar
• Majority of occupants are physically fit 
• Normal occupants are familiar with fire drills and following instruction (academic setting)
• Occupants are awake and alert
• Some occupants may try to change clothes/shoes before evacuating
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Performance-based Analysis – RSET
Pre-Movement Time (120 seconds)
• There are several factors that can influence the pre-movement time of the occupants. 
 Some occupants may try to change clothes before evacuating
 Some occupants may try to find friends before evacuating
 Some occupants may ignore emergency cues before evacuating
 Some may try to gather belongings
 Some will have to remove attire before evacuating (Ice Skates)
• SFPE handbook Table 64.5 provides data on occupant pre-movement time.  The pre-
movement time use in the hand calculations is assumed to 2 minutes in most areas to 
be conservative. The pathfinder model utilizes additional delays times.
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Performance-based Analysis – RSET
Movement Time-SFPE Handbook 
Simple hydraulic model listed in the SFPE handbook chapter 59 was used to estimate the 
movement time. This model assumes the following: 
 all of the occupants start evacuating at the same time
 occupants travel straight to the exit
 queuing will occur at the exit discharge doors
 majority of the occupants do not have disabilities
 occupants will use the exit doors optimally
 optimal density of 0.175 people/ft2
Exit doors and Exit stairs were checked to determine the most restrictive component or 
“pinchpoint” since the stairs and exit door are in series. The hydraulic model outlined in the SFPE 
Handbook uses the relationship between density, walking speed and effective width to estimate 
the flow through the component. 
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Performance-based Analysis – RSET
Movement Time-SFPE Handbook (318 seconds)
All floors and pinch points were checked.  Worst case was the mezzanine.
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Performance-based Analysis – RSET
Movement Time-Pathfinder (410 seconds)
A Pathfinder model was developed and used to provide better 
understanding of occupant movement and better estimates of the 
occupant Required Safe Egress Time (RSET.) 
Slide 60 College Sports Center Fire Protection Analysis
Performance-based Analysis – RSET
First Floor
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Performance-based Analysis – RSET
Second Floor Arena and Mezzanine
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Performance-based Analysis – RSET
Second Floor Perimeter
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Performance-based Analysis – RSET
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Second Floor Pathfinder - MOVEMENT TIME = 0:30
Performance-based Analysis – RSET (725 seconds)
Figure 64.2 from SFPE Handbook of Fire Protection Engineering, 5th ed. (M. J. 
Hurley et al., eds.), Springer, (2015).
















(12 minutes, 5 seconds)
Performance-based Analysis – ASET
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Figure 64.2 from SFPE Handbook of Fire Protection Engineering, 5th ed. (M. J. 
Hurley et al., eds.), Springer, (2015).
Tenability
limits
Performance-based Analysis – ASET
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Visibility:
SFPE Handbook chapter 61 provides insight on how visibility plays a role 
in safe evacuation.  Per Table 61.3 of the SFPE Handbook, unfamiliar 
occupants will require a visibility to 13m to permit safe escape while 
familiar occupants will require a visibility only to 4m.  During normal 
operation majority of the occupants will be familiar with the facility.  But, 
during events in the arena such as basketball games, volleyball games, 
sport camps, and similar events, many of the occupants will be unfamiliar.  
Therefore, to be conservative, the tenability limit for visibility was set to 
13m. 
SFPE Handbook Table 61.3, Allowable smoke densities 
and visibility that Permits safe escape
Performance-based Analysis – ASET
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Temperature:
Heat can cause incapacitation through body surface burns, respiratory 
tract burns, and hyperthermia. The tenability criteria chosen for this 
analysis is 60°C (140°F.)  This is based on a 30 min exposure time.   This is 
a very conservative limit since the exposure time in this building is likely 
to be far less than 30 minutes
Toxicity-Carbon Monoxide:
The Exposure Dose Method outlined in the SFPE handbook chapter 63 
will be used to evaluate the Carbon Monoxide tenability limit.  SFPE
handbook indicates that under light activity, incapacitation is predicted to 
occur for humans between 30,000 ppm-min to 35,000 ppm-min.  A 
tenability limit of 30,000 ppm-min was chosen for the tenability limit for 
carbon monoxide exposure to be conservative.  Assuming that the 
maximum allowable egress time is 30 minutes, the CO levels should not 
exceed 1,000ppm at any time.
SFPE Handbook Fig. 63.28 Thermal 
tolerance for humans at rest, naked skin 
exposed, with low air movement (less 
than 30 m/min) 
Performance-based Analysis – ASET
Design Fire A:
• Storage room 
• Normally unoccupied
• NFPA 101 Design Fire Scenario 3
• Fire could potentially migrate 
into the adjacent high 
occupancy space
• Also could block main entry/exit
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First Floor
Performance-based Analysis – ASET
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Second Floor-Arena/Mezzanine
Design Fire B:
• Polyurethane matts and props 
stacked in near/under edge of 
HDPE bleachers
• Smoke and heat from fire 
could block major exits
• NFPA 101 Design Fire Scenario 
2 and/or 6
Performance-based Analysis – ASET
Design Fire C:
• Polyurethane crash matts and 
props stacked in corridor
• Smoke and heat from fire could 
block two major exits
• NFPA 101 Design Fire Scenario 2
Slide 71 College Sports Center Fire Protection Analysis
Second Floor
Performance-based Analysis – ASET
Design fire C was modeled in FDS using Pyrosim to determine the time until tenability 
limits are reached in the egress corridor. The heat release rate curve is based on a 
Polyurethane foam couch (similar to gym crash pad.)
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Babrauskas, Vytenis. Upholstered Furniture Heat Release Rates 
Measured with a Furniture Calorimeter. Washington, D.C.: U.S. 
Dept. of Commerce, National Bureau of Standards, 1982. 
HRR Release Test Data (left) vs 
FDS Model HRR Data (right)
Performance-based Analysis – ASET
The carbon monoxide yield and soot yield used in the FDS model were determined 
from SFPE Handbook Table A.39.
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SFPE Handbook of Fire Protection Engineering, 5th ed. (M. J. Hurley et al., eds.), Springer, (2015).
Performance-based Analysis – ASET
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Pyrosim Corridor Fire Model Overview
Performance-based Analysis – ASET
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Pyrosim Corridor Model (smoke) Time From Ignition = 120 seconds
Performance-based Analysis – ASET
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Pyrosim Corridor Model (smoke) Time From Ignition = 240 seconds
Performance-based Analysis – ASET
Slide 77 College Sports Center Fire Protection Analysis
Pyrosim Corridor Model (visibility) Time From Ignition = 140 seconds
Performance-based Analysis – ASET
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Pyrosim Corridor Model (visibility) Time From Ignition = 240 seconds
Performance-based Analysis – ASET
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Pyrosim Corridor Model (temperature) Time From Ignition = 220 seconds
Performance-based Analysis – ASET
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Pyrosim Corridor Model (temperature) Time From Ignition = 310 seconds
Performance-based Analysis – ASET
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Pyrosim Corridor Model (CO) Time From Ignition = 310 seconds
Max CO = 500ppm
Performance-based Analysis – ASET
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Figure 64.2 from SFPE Handbook of Fire Protection Engineering, 5th ed. (M. J. 
Hurley et al., eds.), Springer, (2015).
Tenability
limits
Tenability Criteria Time to Limit 
(seconds)
Visibility 120 (2 exits)
240 (all four 
exits)
Carbon Monoxide Not reached
Temperature 220 (2 exits)
Limiting ASET 120
(2 minutes)
Performance-based Analysis – Conclusion
• ASET (120 seconds) is not greater than RSET (725 seconds)
• The goals of the performance based design are NOT met since 
occupants who are not intimate with ignition are exposed to 
instantaneous or cumulative untenable conditions (Visibility and heat 
exposure.)
Slide 83 College Sports Center Fire Protection Analysis
Fire Protection Analysis Conclusions and Recommendations
1. To mitigate the corridor fire issue, it is highly recommend that measures be put in place to 
not allow any kind of storage in the egress corridor especially the foam crash pads. 
2. Also, it is recommended that the corridor be split into separate areas by smoke rated 
partitions with automatic closing doors to reduce the risk of a single fire being able to block 
the arena exits with smoke. 
3. Placement of certain fire alarm audible and visual devices may not meet current code. It is 
recommended that additional audible and visual devices be added where required and 
sound level testing be performed to verify existing alarm sound levels meet current code.
4. Fire alarm audible device layout and sound ratings in arena do not appear to meet current 
code.  It is recommend that sound level testing be performed and an acoustic model be 
developed to strategically place horns/speakers as required to meet current code.
5. Light hazard sprinkler classification in the arena may not be sufficient for plastic bleacher 
fuel load.  It is recommend that the arena sprinkler system hazard classification be 
revaluated and, if required, upsize piping and sprinklers to increase density. 
6. The width is reduced for the loading dock exits 1-7 and 1-8.  It is recommend that exit 1-8 
be not listed as required exit (remove exit signs.)
7. Sprinklers are omitted over ice rink and racquetball courts.  It is recommended that 
automatic detection be installed in these areas and measures be put in place to not permit 
combustible contents in these areas to meet the IBC requirements.
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